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Two areas of display innovation have been identified which will promote the 
development of helmet or head-mounted displays (HMDs) that are both small and 
inexpensive, while delivering high performance and reliability at the same time. 
These innovations involve the use of two-primary color displays and alternative 
gray scale control. Two-primary color displays offer the advantage of significant 
reductions in cost and complexity for applications such as aircraft helmet-mounted 
sights and field process control monitors where the display requirements call for 
greater than monochrome, yet less than full, color, especially for subtractive color 
displays. Alternative gray scale control offers the potential for reduction of 
perceptual artifacts such as luminance and color banding, especially in displays 
with relatively limited numbers of gray scale levels. This report describes five 
principal tasks completed by Honeywell in the simulation and analysis of 
two-primary color display and alternative gray scale concepts: Display Requirement 
Analysis; System Configuration Concepts; Test Cell Fabrication and Evaluation; 
Display Analysis; and Simulation Development and Evaluation. The report also 
includes suggestions for additional future research. 
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Figure 3-63. Optical Effects Test Device. 
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Figure 5-29, Luminance Contrast for FLIR Tank Im 
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Figure 5-30. Gray Scale Levels for FLIR Truck Images in Evaluations 2, 3, and 4, Ranging from 8 (a) to 64 Levels (b). 
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Figure 5-44, Aperture Ratio V 


2a a > 

tht Restle eM ME RA GE Z SOS 08 aR 
KEES AME EER Lama | 
HENLE VO OeSNeS 


294 


x ee ek RAY 
ee eee oy oy 
de aided Ae at 
Ce i a A 
Sy RS A te ae a eae gee 
FT ip Re gt ag 
'‘tveewn we we 
ee eae 
ee eee oe 
a ae 
OO Oe ee 
OPE Ay 
hd ed 
hi oe 


RT. Also, 


ze as printed is not intended to simulate the angular resolutions 


h-resolution € 


te te oe hs ae Ae hE a 

OR eR Oe eeoy 
} i a att te a DS 

ce ote aaah eT KYO teow eww: 

ated diy Anat ik ta he ah af, te Tad teak’ 
MN RT 8 PE Pe ee Oe 
Sa Ete ode oe A a REM oe nah ah ae Te Ok Be OE, 
Se tee See tae eK SEO Ee 
EA Be ar a Ne ap gy 

4 ia Senay yp “ea - ae of ee ete 


1g 


+ 


Soe ttt Aas aah age! pe ON Oe ete 
VP RE ee we ee pote REO 
Rete ee Oe te Re ee eH 
gabe nt HOW pee MY ee ee Oe 
OL Ek a a ea, oad Eh oc, tie ee Rt dit de 
SEINE IE GR er peti ee A eae ae 
EHF BON: wr Ie 


¥ th ss tena taaeednlietsep ditdadeednmainands 
credensanananeses: nak ak dat bi tthe aed e Tad e 


with aperture ratio.) Luminance was not 


ECRATOAMERR EEG NSO Kat Cie Me Dla He. <. 
SRKE A ROR ARENA DSS OGRA EOD S OOM ER he BABB. 
Bae ‘i EME 0 Gow eather pe meee pir otter pebetoy pe pa 
LOE MeL OTE RR EGS MFR RELIANT Os or) 
POPRERE REM BMG: wees re Ee SP tee & 
EH EEK SE SEA GB BME ELS RARE OR NE ome 
ED EA 8 OS Ob a RARE Seite Ge hg 
PRERE ER ERA Oe Ope ew ee < 
PERERA 5 ae ee ee we ee * 
MBER Ae BIR Neate Matha? von 
Ne ASE an anti hat ah de dines > 
EMA ike eaten beatae acids 
PT LAL EEL itt bik, Gaibeber«y.< bovw xc wea or 
PAWS EN 4 REREOR 4H 5 BEE wo MR vehenipate {2 
SAME ME RGM AS CAE MEE Ce ee. Fv 
Drak ndndndegiiedurealeedadgthydenioodgiontppoaecydestedigty 2 e-0>o-- araqn guapith o 
SER CELZRBREERE ER TBE TDS 7 ORMMONEE 85 pod 
RELEEGPRELEDS REBEEARS eth AREER a. mm 
te Gheneehes H = 
i he a eh = om 
pind prin denehee oir ot peor) Ws 
CME EE SHER AG we $i 
See” + sete 
—t 


ion 


images were actually presented in color on ah 


_ tn addition, the 


‘ad RM 
{AapeGenananserneeens 


5 henigst 
LLAMA ACHR RRAA SRA RO 
REPRE RAMEE TRE REM Rane nine aE ME: 
RERRERE KOBE REE EE, « a: , : SORA AURORE e 
REM RE EAE EE TEM RAMI ME FF eeaeae. . SEM RAMA 1 AREER: 
PTEMBER EERE PERE DG RES S$ ORE AE ERRORS IR EME EA TS 
; : > BA penne piney 

: ME 2 j m ; Re OEE REBAR HM tM ORK Ho: 

Sosdosaaradasaean thee: « a % ct RE Sal ME GE UE 8.48 Perr 


(b) 
1On 


e 


<= 

De eal 

” a ea aes ee ~ es i ear eras Sat — 
AndEde cacansadsaeeon: th Ou aboebbdoahaoinerdbeanebasaaee pan 
weer 


RREREAHMRHEEREKEERCHRRAOR CHEERS AEDOCEDRRAREEE LES. FEEKEHEBREA® 
RPOREGE MERE RORKRERR . HHEBAE  HODAHEEARER GE 4 ve KHKORBRESEER 
SFMRAMETEBREKAELARREARS PRE 2 CHERAB ER EMH AA « RKOERMEMONE 
SEREKESHEREFAEORRAKE § = 6FERRERPERRERAREHEHD 44+ CRHEEAREEER 
BHEEREHAERRKRAARKERRARH CHKHHEREBEREREEE 64K HE ERERERREOER 
BEEBE KAKHWEREBRHEREARM SERKFOABRRRERBEEE 1) HAH AMEMAEBREBHEAE 
REBEL MRED EKEEEMEE DH <RROREORERREMBBRE O89 6H > 4. HEAREE DHE OF 
RESEKOE <HHHBESERAREREKR HRA EHRRRKEARREBREBDR ARF HHAKRERREEERE SD 
REAEEE 7 CHASE SHEER EBAE &RRERERHAREAOEHD 422642 V-EEBBEEREO KE 
PREM M A DRE KHEREREEEE ADEE FERREEHEBSREDER 2K EA A ¢RHEERRREEEE & 
REREBDAHEERLEKEKHKERREEHMBEREESEBBDHEEGEEDBEREH OHH REKGREEH UG 
SEHK RSE HERERKRKHERRD DBT BHER EK HKREDREECEOBRRKR EAE” CORRE RERBERH 0 
RHE RASCEMREREKHBERADERBHEEREABEERFEOCEEEERERKCREE: KHHARHEHRERRES 
FER oh RERRAKERODKAEHEHR EKESEROSBAREERE > KKK KERERKSEARAE H 
PAREKH +> KCEEEESEPOSEHHEKHARELAERRAESEDRRRERER > KKRFCSHKREOREEKR AED 
READ BRAM EB + NORBKREDMAEEBE < ¢CREBEFERREEEE 2 KLE HRPORORAEEERER 
HARARE ARERST HUERMAKD BUREE © > ROREKEORRERE 6 HH EKROOKERRERSE % 
FRERRMP REBEL EEHOACRAENRERE PSESRERERAKEHE HER KEOSHHE SO ARRA *® 
EAEERBKRAABSEBREERERREKEKERE SHERRERESACEHT CAD AKRHHRKKOAORBE % 15) 
EERE SRERHEEEMRHNREKEERE $< - HHERRESERHERE EE © Hh HHEERREOERANH FF 
SREREKRT HFA AR EH HKAMAEREKAKEDEK  CREKAESEBERDEE 4+ 4ASHKEKERBHOARHE S 
KEKE SEHERLEKBDHEBERAEKEBHE + RERE + RRAKEHBDR KA HEAREERNRBEREEEH ~ 1 
REBEL BREAAHORERMEREKBEREREKARERE BRERBEDADR S042 ¢RKEEEARAREEOAE 
EEE HEBARH EAT RERRAREEKEBRRSE FERRER ¢HEBHAKRHNE CEE KREARKERMONE WES 5 
REEEREMERAL CHBRREMBEHEEEBPREERERAEEBBARRERA £ + OAHHRAKER BEES & 6 
HERERGHAREKERHAPEREKHEHEBREBEREREEHEBPRRE KET EKGEERERERER RE * 
CERES ERR AREMAA HOE BE HE HEERREREEKSKEEEBERRAS SKHRERHOE KBB E> ¥ 
RERASEER He KE REKCHSERRKAFERRRBREGERAKESERRE EK” SLEREBEREESBHSB & F 
MERE SReRMKAKEE CARRE SRERSERARSREHEPOOEEERMRE - CKREDHRRE SEHR EH 
KP DERM - CEEEMEKRAERARRESRREREPREED ORE ERER EAR A HRHESARER EK EMM 
FSRRREERS FHEREREKREMEHRREERHEMARERSOBRRERKA 0H. KPSHARERHEEHE 
FEREO RE BEBE EER GE CEES AEREKERESEPESDREREERE 4 in XK HORBREREARRAERK 
EREAEMRAKERKMAKE EHEC EEESESBEREBERREREEEERSK HK © HEGRE ERRKEHED 
FEEEMNMAGCE MMSE ERREGCERSSESERERRERERRE EE KH > &ERERREKBAERERO 
RKEBRH AARP SESHRRARKKSESAREKESHKEREAKHEHEE RHE AAARERSES LACUS 
FMEA REE SSE PEESRARREEBHDRRAKERRRAEBERREALERDREREREERDHEEA 
KEE MRER DEBKERMPDOBERD RHE CERERAAAEED 2449+ MRERARERORHE 
SEREEKEH SHAE ERKARSAAKRKEDSBHRREEKEERBEO SD KAY KARERAAMAEERER YD 
BREHKARECEREREEAE SHEKERREEERBERRAREREEEE LEO 44 RAEERRHREER DE 
REEAKHEMEMEHEAEKEBERERBEEHERREBEEEPEEHEFLERAEEHMREEDEBRREBROR 
REEKHSHKEKKRHEHROEKRKKREETKEESEEKERREEHERDPEERPEEKSORENRORE WHEE 
REKHSGDRREREEKREKM + FEEERESESEEMSBSKEEEPREKHKRKEKALHEREHBERES BREE 
HHH EMBHRARERERERHNERERMARREREDRKEESGCEHREREKMKBEEEEADEBEREHABEE SH 
AEB te KBREAAREECEARSHAKREGEREEASEHRAOEEHRERE EK HEREAOHKES OBBERE 
SAAR KMHSRFHEEEBAHAAARKKKKRKEAEBASREKRSPRERGEEES ESE KEMEBKRHEREKAR ARRAS 
RHERERKHEBEERERREEEEAKEREBREBARHESMORRERES + FKCHEEBHEKESEOEKREEBREAD 
RHEMHARPHKEBRBRERBEBEKEEAERKEH BREA ARERREBREAD H « RHHORMEHEEEKAHAEOD EH: 
PEERED EMRREEHHREMEKEAEKESCEERPEBRREREEE 4 KHKKERRRAREEKEHHE 
CEREDDERAR EBA H RE HHASHRABREECEREREEER ERA DK EHRHEBEEERERHNARE 
SRREEKHRARHAKAKRAEREKEBEREECEHERRERSABRH SE € KEMP REBECAHRERAMD 
KEREEKKBERBAEARAREBRRAMEBSHKREKECHSREBSEHH 2 HHEBPEHKERSCEAD HS 
FREREESRERERDEEHEKREEKEHESDSRFHERRAAHKEOHKADHERRGCERBDRESLBEAED 
REMEEHR BEKRAHKEKARKEKREDBEMERRERBGERRALAEE ES HAERRABMKEREREADEBER 
CHER MRARAERHRERAMEGHREKE SHURE BERERHDEES SH ERRERHREKEREDMFER 
REBEL - PPOCHKAAKEMATEHEDHBRREEFKHKREGERHERRES SKKRERREKERESDERES 
PREBE<. CHORREOHER YK OBHKERREREGEHRAEEEERE EH ARE EERMHEAHEKAMRERSE 
ARBRE  KSEMRKREKEOHEGDEEERREERKEEBEEESERERE € KI REKEHEAEDEERAKS 
HRRHKE EMER RAEKEEHEKE SE KERBEEEKEREBOEEHTEREKEEKERKOEBDEREEREAKHSD 
AAREKEHEBERREKOE SERS EKEREEKRESOBDRAEEEERBEY SKK KEEEPOHREERKEERE 
RRABDEH THERESA SEKLAERELHEREREREAEREKEEHERE SE KRHEEBHODENEOCREEE 
KRPERAKEMERERE KEKE HEEEERREPHEBPEROERGEREEDERERTHORKEHEERRE 
DMM ERM MERE HERA EAHA EE KDRRERRERREAL KEEL EKOOREREEHAREK 
EERE EEAREEHEROEEKEREREEDE SDRRERRERHEREEEKEAMERERORKEOCED 
(RERMRERBREKHEDERREEAREAN EHH BRRERERERAOHEKKHBEBAREREHAREEEROE 
+, REKREBDHSBRREKAHERKRAEEEOE KKRPFHEREKAABABE LH EC KHHEBHEERREAKKAEDHD 
KMaAEKCKEHEBEREEDHEKREEEEBEOR EH ARERBRRRHKAMABEK KF OKRKHEEEEBEREEACHEE 
CREREEHREEDSAKGERAEESCEHAR OHHEHEBEAHBARKALAERKBEREEEREREBE 
FREEKKHAMERARABEREEBESERA AH SC HEAREEEEBRE RS. A4RMHRERAEBEREBH 
HHKRKERHKBKRHERAKMAREBERHEAAEAKEHEEEERHERHH SE XREERBBEEREEKEOHE 
WH SERAERSESRAERERARHAEERMEAKEAERREDHREBBE DS © + cK RAERMRERMEREME OE 
ERED EEERMEKEERBESE BEEK EDK § BARECEMERBE KS - KEHEBORHRERRARABHE 
RHAGP EKRARAEMREEKHEARSE SHEER E ? “BABERRERE 64 CKKESEOREHORFEBREEEE 
RHERHRKRAREB ERE HDD EEMS ~ EO BHEEEEEE 0 KEREHKEDO EHO 4EHBEX 
RAHEEM REREEEEKOCKH HH EK H KEEBEHEBERD 5+ KE ERHHOSEKDAEMENESE 
SRAKEEAMRREREEE AE AB ERERK  KAEEEPEBEERERKRSE SY FERRHHRREDAAREENM 
HERE MEER AERA HE  6OARUDORRE EEK HK x i BRR BREREEAEEREES 
CMR ee REBAR ABO HERAT MM 9 EOE EORMERA A SF CHRREDEMHAOEREREK SD 
EKERAERRBEEREAREHMKERORRH FC EKHEREGREREER EEE HERRERA EEEEREREE 
SCHEELE KMAREEHSEBKERMRERR LES AARRRERARERS - KKH SHBEAROEMREEKEMEHEEE 
PREAEKCCERAEFHERTERES BE < H+ PARREEMREEEE KKK ARERRERKHEKEDEH A 
FERRE KHRHHERPHHRKOR AE) WEREEERERBRE 6. KPRAHEARAREREREE DEK 
BRSEAEKHOKREEERABRABHKEER KE FABERGE KC MEK K KDE MAEEMABKEREREBER 
SEREMREAHERRHOROHERBKERD EK £2IERRHBEERES EAD REM EEBRBEH MEE KH KMD: 
REEMA EKARERAMARRRKREMEA KER A>EERWH SERBS SHBEROERKHEEREAEMREED 
HEATH BSRBRERARKEFOREHRHRERAE BEE BEHRKES EHEERMRAREEEREBRERH HK 
BHR EH KEKE BRE EBE ABH HG RH RREKKAOEERREMEARERABDEERE 


- 


Figure 5-45. Aperture Ratio for FLIR Tank Images in Evaluations 3 and 4, 
3. Note that evaluat 
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Figure 3.67. Subtractive Color Image Source (40% AR) Modeled in Evaluations 5, 6, and 9 for FLIR Truck Images. 
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Figure 5-68. Subtractive Color Image Source (40% AR) Modeled in Evaluations 5, 6, and 9 for FLIR Tank Images. 
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Figure 5-69. Subtractive Color Image Source (70% AR) Modeled in Evaluations 5, 6, and 9 for FLIR Truck Images. 
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Figure 5-99. Subtractive Color Image Source (40% AR) Modeled in Evaluations 7, 8, and 10 for Symbol Images. 
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